This study investigates the climatological precipitation gradient between the northern Alpine rim and the Alpine foreland, based on routine observations and reanalysis-driven simulations with the MM5 model for the time period of 1991-2000. To estimate the relative contribution of different precipitation types, we distinguish between cold fronts, warm fronts, convection and a class carrying unclassified events. Convective precipitation in connection with fronts is attributed to the respective frontal class. Unclassified events predominantly consist of postfrontal upslope precipitation and quasi-stationary fronts. In addition, the wind direction at Alpine crest level (700 hPa) is considered. Our analysis indicates that summertime convection and orographic lifting make the largest climatological contribution to the precipitation gradient towards the Alps. Convective precipitation occurs predominantly in connection with southwesterly flows and is more abundant in the Alps than in the adjacent foreland because convection is primarily triggered over the Alps. Orographic lifting is most active with northwesterly and northerly winds and intensifies both frontal and postfrontal precipitation. The climatological importance of orographic lifting is much larger in winter than in summer. A reversed precipitation gradient with systematically more precipitation in the foreland than in the Alps is found for fronts connected with a wind direction of exactly 270 • . Under these circumstances, the wind blows parallel to the mountain range and lee effects related to upstream topography reduce the precipitation intensity in the Alps.
Introduction
As known from precipitation climatologies (e.g. FLIRI, 1975; FREI and SCHÄR, 1998; SCHWARB et al., 2001) , the Alps receive substantially more precipitation than the surrounding lowlands. The largest precipitation amounts are found along the northern (Allgäu, Salzkammergut) and the southern Alpine rim (Lago MaggioreTicino and Julian Alps), respectively. These regions have average annual precipitation amounts of 1500 mm and more, whereas some inner-Alpine regions like the the upper Inn Valley in Tyrol receive not even half of * Corresponding author: Clemens Wastl, Meteorologisches Institut der Universität München, Theresienstraße 37, 80333 München, Germany, e-mail: clemens@meteo.physik.uni-muenchen.de these amounts. In addition, precipitation differences between different geographical regions within the Alps can vary strongly during a year (e.g. KUBAT, 1972) . Frequently, climatological studies point out a tendency of precipitation to increase with orographic height (ERK, 1887; BLUMER, 1994) , though it has to be stressed that such height gradients may be very different in different regions (e.g. SCHWARB, 2001). Moreover, it is well known that the Alpine precipitation enhancement extends somewhat into the adjacent forelands, particularly in summer north of the Alps (MÜLLER-WESTERMEIER, 1996; SCHWARB et al., 2001) . However, very little research has yet been done to quantify the relative importance of specific precipitation enhancement processes for observed climatological gradients. 
